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Role of organic anion transporter 1 (OAT1) in cephaloridine in the renal cortex [2]. CER is actively taken up by the
(CER)-induced nephrotoxicity. proximal tubular cells from the blood via an organic
Background. Cephaloridine (CER) has been used to eluci- anion transporter (OAT) in the basolateral membrane.date the mechanisms of cephalosporin antibiotic-induced neph-
However, unlike the other, less toxic cephalosporins,rotoxicity. Organic anion transporters have been thought to
CER does not move readily across the luminal mem-mediate CER uptake by the proximal tubule. The purpose of
this study was to elucidate the possible involvement of organic brane, which results in the build up of high concentra-
anion transporter 1 (OAT1) in CER-induced nephrotoxicity. tions of CER in and selective damage to proximal tubular
Methods. A mouse terminal proximal straight tubule (S3) cell cells [3, 4]. The accumulated CER induces toxicity vialine stably expressing rat OAT1 (S3 rOAT1) was established
a number of molecular mechanisms including lipid per-and used in this study. The cellular uptake of [14C]-para-amino-
oxidation [5], respiratory toxicity by inactivation of mito-hippuric acid (PAH), a prototype organic anion, and that of
[14C]-CER were measured. The effects of CER on the viability chondrial anion substrate carriers [6], and the activation
of the cells and the amount of lipid peroxidation were estimated. of adenosine receptors [7].
Results. S3 rOAT1 expressed a functional organic anion The secretion of numerous organic anions, includingtransporter in the cytoplasmic membrane, and exhibited CER
endogenous metabolites, drugs and xenobiotics, is anuptake activity. CER treatment resulted in a more significant
important physiological function of the renal proximaldecrease in the viability and a more significant increase in the
amount of lipid peroxidation in S3 rOAT1 than in S3 cells tubules. The process of secreting organic anions through
transfected with an expression vector lacking the rOAT1 insert. the proximal tubular cells is achieved via unidirectional
Probenecid, an inhibitor of organic anion transport, and probu- transcellular transport, involving the uptake of organiccol, an antioxidant, significantly suppressed the decrease in
anions into the cells from the blood across the basolateralviability and increase in the amount of lipid peroxidation in S3
membrane, followed by extrusion across the brush borderrOAT1 treated with CER. The effects of various cephalosporin
antibiotics on the uptake of [14C]PAH were correlated signifi- membrane into the tubular fluid [8]. Recently, cDNAs
cantly with the effects of these drugs on cell viability. encoding renal OATs have been successively cloned, for
Conclusions. These results suggest that rOAT1 is, at least in example, OAT1, OAT2, OAT-P1, OAT-P2, and OAT-part, responsible for the cellular uptake of CER and therefore
K1 [9–13]. Among the OAT family, OAT1 is the onlyCER-induced nephrotoxicity.
OAT identified to date as being responsible for the cellu-
lar uptake of CER via the basolateral membrane of the
proximal tubule [9].Cephaloridine (CER) is a first-generation cephalospo-
The purpose of this study was to elucidate the role ofrin antibiotic that induces acute renal failure in humans
rat OAT1 (rOAT1) in CER-induced nephrotoxicity. Forand animals [1]. The nephrotoxicity induced by CER is
this purpose, we have established and utilized a mousecharacterized by acute proximal tubular necrosis and is
terminal proximal straight tubule (S3) cell line stablymainly dependent on its accumulation and concentration
expressing rat OAT1 (S3 rOAT1).
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[14C]-CER (13.9 mCi/mmol) and a polyclonal antibodyand in revised form May 17, 1999
Accepted for publication August 3, 1999 against rOAT1 were kind gifts from Sankyo Pharmaceu-
tical Co (Tokyo, Japan). Fetal bovine serum (FBS), tryp- 1999 by the International Society of Nephrology
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sin and geneticin were obtained from Gibco/BRL (Gai- [14C]-PAH and [14C]-CER uptake and efflux
thersburg, MD, USA), transferrin, para-aminohippuric Cellular uptake of [14C]-PAH, a prototype organic
acid (PAH), probenecid, probucol, thiobarbituric acid anion, and that of [14C]-CER were measured as pre-
(TBA) and various cephalosporin antibiotics from Sigma viously described [15]. S3 rOAT1 and S3 pcDNA 3.1
(St. Louis, MO, USA), recombinant epidermal growth (1 3 105 cells) were plated in 24-well dishes and cultured
factor (EGF) from Wakunaga (Hiroshima, Japan), insu- for two days. After removal of the medium, the cell
lin from Shimizu (Shizuoka, Japan), Celldisk from Sumi- monolayers were washed twice with Dulbecco’s modified
tomo (Osaka, Japan), RITC 80-7 from Kyokuto Pharma- phosphate-buffered saline (D-PBS) (containing in mm:
ceutical Industries (Tokyo, Japan), pcDNA3.1 from 137 NaCl, 3 KCl, 8 NaHPO4, 1 KH2PO4, 1 CaCl2 and 0.5
Invitrogen (San Diego, CA, USA), TfXe-50 reagent MgCl2; pH 7.4) supplemented with 5 mm d-glucose, and
from Promega (Madison, WI, USA), [14C]-PAH (53.1 preincubated for 10 minutes. After the incubation, the
mCi/mmol) from New England Nuclear (Boston, MA, medium was aspirated immediately, and the cell mono-
USA), diaminobenzidine from Dojindo Laboratories layers were washed three times with the medium and
(Kumamoto, Japan) and horseradish peroxidase (HRP)- solubilized in 0.5 ml of 0.1 n sodium hydroxide. The
conjugated secondary antibody against rabbit immuno- amount of substrate accumulated within the cells was
then measured by counting the radioactivity.globulin from Dako (Glostrup, Denmark). All other
The CER efflux study was performed as follows. S3chemicals were of analytical grade and available from
rOAT1 (1.0 3 105 cells) were plated in 24-well dishescommercial sources.
and cultured for two days. After removal of the medium,
Establishment of S3 rat organic anion transporter 1 the cell monolayers were washed twice with D-PBS sup-
plemented with 5 mm d-glucose, and pre-incubated forThe renal tubular cells used for the study were mouse
10 minutes. Thereafter, the monolayers were incubatedS3 cells derived from transgenic mice harboring the tem-
with 500 ml of medium containing 50 mm [14C]-CER forperature-sensitive simian virus (SV)40 large T-antigen
30 minutes at 378C, washed immediately three times withgene [14]. The S3 cells retained the hydroxylase activities
medium, and incubated at 378C with 500 ml of mediumassociated with intact proximal tubules, including alka-
in the absence or presence of 1 mm CER. After theline phosphatase, g-glutamyl transferase and leucine-
incubation for the indicated periods of time, 50 ml of theaminopeptidase activities, and the levels of these activi-
supernatant was collected. The amount of [14C]-CERties were higher than those in LLC-PK1 cells but lower
within the supernatant was measured by counting thethan those in freshly isolated S3 segments (unpublished
radioactivity.observation). In addition, we also observed morphologi-
cal features specific to polarized epithelia, such as micro- Immunohistochemical analysis of rOAT1 protein
villi and tight junctions. S3 cells were cultured in RITC
Light microscopic analysis of the rOAT1 protein was80-7 medium containing 5% FBS, 10 mg/ml transferrin,
performed as previously described [9]. The antibody0.08 U/ml insulin and 10 ng/ml recombinant EGF. The
used in this study has previously been shown to detectcells were subcultured in a medium containing 0.05%
a specific band that corresponds to the rOAT1 proteintrypsin-EDTA solution (containing in mm: 137 NaCl, 5.4
with a molecular weight of approximately 57 kDa. TheKCl, 5.5 glucose, 4 NaHCO3, 0.5 EDTA and 5 Hepes; cells were cultured on the cell disk. After the cells were
pH 7.2) and used at passages 60,100. The full-length
washed three times with 50 mm NH4Cl in phosphate-rOAT1 gene [9] was subcloned into pcDNA3.1. The buffered saline (PBS) (containing in mm: 136 NaCl, 2.7
pcDNA3.1-rOAT1 and pcDNA3.1 lacking the insert KCl, 8.2 NaHPO4 · 12H2O and 15 KHPO4; pH 7.4), theywere transfected into S3 cells using the TfXe-50 reagent were fixed with a paraformaldehyde lysine periodate
according to the manufacturer’s instructions. Forty-eight (PLP) solution (containing 0.01 m NalO4, 0.075 m lysine,
hours after the transfection, the cells were subcultured in 0.0375 m phosphate buffer with 2% paraformaldehyde;
medium containing 400 mg/ml geneticin. The cell clones pH 6.2) for two hours at 48C. After fixation, the cells
were isolated using a cloning cylinder. Among the cell were washed with PBS, and incubated with 3% H2O2 for
clones obtained, the cell line showing the highest level 15 minutes to eliminate endogenous peroxidase activity,
of PAH uptake was selected and designated S3 rOAT1. and thereafter with blocking serum for 15 minutes. Sub-
Electron microscopic observation revealed only occa- sequently, the cells were incubated with a polyclonal
sional tight junctions in S3 rOAT1 (data not shown). antibody against rOAT1 at a dilution of 1:200 or 1:400
Consistent with this, the cell monolayer was determined for two hours, rinsed with Tris-buffered saline containing
to be leaky based on the results of the study wherein 0.1% Tween 20 (TBST) and again incubated with HRP-
we estimated the paracellular secretion from S3 rOAT1 conjugated streptavidine solution for 30 minutes. HRP
cultured on permeable support, using D-[3H]-mannitol labeling was detected using a peroxidase substrate solu-
tion, 0.8 mm diaminobenzidine.as the indicator (data not shown).
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Electron microscopic analysis of rOAT1 was per- vortexed, followed by centrifugation at 2,000 3 g for 10
minutes. The organic layer was removed for malondial-formed as follows. The cells were grown on the celldisk
and fixed with periodate-lysine-paraformaldehyde (PLP) dehyde (MDA) determination. The absorbance of the
samples and standards (1,1,3,3-tetramethoxypropane atsolution (containing 0.01 m NalO4, 0.075 m lysine, 0.0375
m phosphate buffer with 2% paraformaldehyde; pH 6.2) concentrations ranging from 0.01 to 10 nmol) was mea-
sured using a spectrophotometer at a wavelength of 535for four hours at 48C. After rinsing with TBST, the cells
were incubated with HRP-conjugated secondary anti- nm, and the amount of MDA extrapolated from the
standard curve.body against rabbit immunoglobulin for one hour, rinsed
and fixed with 1% glutaraldehyde for 30 minutes. After
Statistical analysisrinsing, the HRP labeling was detected by incubation
with a peroxidase substrate solution containing 0.8 mm The results are presented as means 6 se. Statistical
analyses were performed using the unpaired Student’sdiaminobenzidine. The cells were postfixed in 2% os-
mium tetroxide in 0.1 m PBS buffer for 30 minutes at t-test. Regression analysis was used to test the correlation
between variables. Differences were considered signifi-48C and embedded in epoxy resin. Ultrathin sections
were cut on an ultramicrotome and observed under a cant when P , 0.05.
transmission EM (Hitachi H-7000, Tokyo, Japan).
RESULTSExperimental design
Establishment of S3 rat organic anion transporter 1S3 rOAT1 and S3 pcDNA 3.1 were cultured for two
days. Thereafter, the cells were exposed to various con- S3 rOAT1 exhibited a dose- and time-dependent in-
crease in PAH uptake. Eadie-Hofstee analysis showedcentrations of CER in the absence or presence of probu-
col or probenecid for the indicated periods of time. Pro- that the Michaelis constant (Km) was 43.2 6 3.1 mm
(N 5 4), which is similar to that reported in an experi-benecid and probucol were added at the same time as
CER and at 24 hours after CER addition. ment using Xenopus oocytes, 14.3 6 2.9 mm [9]. In addi-
tion, we examined the effects of PAH and probenecid,
Cell viability an organic anion transport inhibitor, on [14C]-PAH up-
take in S3 rOAT1. Both PAH (data not shown) andCell viability was assessed by the trypan blue exclusion
test as previously described [16]. Briefly, S3 rOAT1 and probenecid (Fig. 1A) inhibited [14C]-PAH uptake in S3
rOAT1 in a dose-dependent manner at concentrationsS3 pcDNA 3.1 (1 3 105 cells) were plated in P-60 dishes
and exposed to various agents for the indicated periods between 0.01 mm and 1 mm, suggesting that PAH uptake
is mediated by OAT. For determination of the cellularof time. Then, the cells were detached by trypsinization.
The cell suspensions were washed once with ice-cold PBS localization of rOAT1, immunohistochemical analysis of
S3 rOAT1 was performed using a polyclonal antibodyand resuspended with 10 ml of PBS. Ninety microliters of
4% trypan blue was added to the cell suspension, which against rOAT1, which revealed expression of rOAT1 in
the cytoplasmic membrane as well as in the cytoplasmwas then examined using a hemacytometer by light mi-
croscopy. Cells failing to exclude the dye were consid- of S3 rOAT1 (Fig. 2a). However, no staining was ob-
served in S3 pcDNA 3.1 (Fig. 2b). Figure 2c presents aered to be nonviable, and the data are expressed as a
percentage of viable cells. longitudinal section of an S3 rOAT1 cell stained with
an antibody against rOAT1. Electron microscopic obser-
Lipid peroxidation vation revealed rOAT1 expression predominantly in the
cytoplasmic membrane, and only weakly in the cyto-The amount of lipid peroxidation was measured as pre-
viously described [17, 18]. S3 rOAT1 and S3 pcDNA3.1 plasm. There was no positive staining of the nucleus (Fig.
2d). These results suggest that S3 rOAT1 expressed a(2 3 105 cells) were plated in six well dishes and exposed
to various agents. The cells were then scraped off the functional OAT in the cytoplasmic membrane of S3
rOAT1, with similar characteristics to that originally de-culture dishes, suspended, and an antioxidant (butylated
hydroxytoluene, BHT) was added to each sample at a scribed [9].
final concentration of 0.05 g/100 ml. The supernatants
Cephaloridine uptake and efflux in S3 rOAT1and the cells were transferred into glass tubes and centri-
fuged at 1,300 3 g for 20 minutes. After aspirating and The effect of CER on PAH uptake in S3 rOAT1 was
examined. As shown in Figure 1B, CER significantlydiscarding the supernatant, the cell pellets were sus-
pended in 1.5 ml of a solution containing 0.18% TBA, inhibited PAH uptake in S3 rOAT1 in a dose-dependent
manner at concentrations between 0.5 mm and 5.0 mm,0.24% SDS and 4.4% acetic acid. Each sample was indi-
vidually titrated to pH 3.5, for 50 minutes at 958C and suggesting that CER is also taken up via OAT1. More-
over, CER uptake was directly estimated by using [14C]-then sonicated. After the addition of 1.5 ml of n-butanol/
pyridine (15:1), the contents of each tube were vigorously CER. As shown in Figure 3A, S3 rOAT1 exhibited a
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Fig. 1. Effect of probenecid (A) and cepha-
loridine (CER) (B) on para-aminohippuric
acid (PAH) uptake in S3 rat organic anion
transporter 1 (rOAT1). Each bar represents
the mean 6 se for four experiments. *P ,
0.05, **P , 0.01 and ***P , 0.001 vs. control.
time-dependent increase in CER uptake to a greater S3 pcDNA 3.1. We also examined the effects of probene-
extent from S3 pcDNA 3.1 (N 5 4, P , 0.01 vs. control). cid and probucol on the amount of lipid peroxidation in
In addition, we measured the CER efflux from S3 rOAT1 S3 rOAT1 treated with 1 mm CER. Neither probenecid
preloaded with [14C]-CER was. As shown in Figure 3B, nor probucol exerted any significant effect on the amount
[14C]-CER efflux increased rapidly with time, peaked at of lipid peroxidation in S3 rOAT1 (data not shown). As
15 minutes, and the increase was significantly enhanced shown in Figure 6, incubation with either probenecid at
in the presence of extracellular unlabeled CER (N 5 4, 0.05 and 0.25 mm or probucol at 0.1 and 1 mm suppressed
P , 0.05 vs. control). the increase in the amount of lipid peroxidation in S3
rOAT1 treated with 1 mm CER (N 5 4, P , 0.05 vs.
Effect of CER on the viability of S3 rOAT1 and S3 CER), whereas probenecid at 0.01 mm and probucol at
pcDNA3.1 in the absence or presence of probenecid 0.01 mm did not (data not shown).
or probucol
Effects of various cephalosporin antibiotics on theThe effect of CER on the viability of S3 rOAT1 and
PAH uptake and viability of S3 rOAT1S3 pcDNA3.1 was studied. As shown in Figure 4, CER
at concentrations of both 0.5 mm and 1.0 mm induced a The effects of various cephalosporin antibiotics includ-
time-dependent decrease in the viability of S3 rOAT1 ing CER, cefadroxil, cefotaxime, cefoperazone, ceftriax-
to a greater extent than in that of S3 pcDNA3.1. In one, cephalexin, cephalothin, cefazolin and cefamandole
addition, we also examined the effects of probenecid and on the PAH uptake and viability of S3 rOAT1 were
probucol, an antioxidant, on the viability of S3 rOAT1 studied. As shown in Figure 7, the effects of these cepha-
exposed to 1 mm CER. Neither probenecid nor probucol losporin antibiotics on PAH uptake were correlated sig-
exerted any effect on either PAH uptake or the viability nificantly with the effects of these drugs on cell viability
of S3 rOAT1 (data not shown). As shown in Figure 5, (N 5 4, r 5 0.626, P , 0.05).
both probenecid at 0.05 and 0.25 mm and probucol at
0.1 and 1 mm significantly suppressed the decrease in the
DISCUSSIONviability of S3 rOAT1 induced by 1 mm CER (N 5 4,
Cephaloridine-induced nephrotoxicity has been stud-P , 0.05 vs. CER), whereas probenecid at 0.01 mm and
ied in whole animals [7], renal slices [19], isolated proxi-probucol at 0.01 mm did not.
mal tubules [20], primary cultures of proximal tubular
Effect of CER on the amount of lipid peroxidation in cells [21], and cell lines such as LLC-PK1 [22–24]. How-
S3 rOAT1 and S3 pcDNA3.1 in the absence or ever, the specific OATs expressed in these tissues have
presence of probenecid or probucol not been identified, and absence of their expression has
been confirmed in the LLC-PK1 cell line (data notThe effects of CER on the amount of lipid peroxida-
shown), where CER may accumulate intracellularly bytion in S3 rOAT1 and S3 pcDNA3.1 were examined. As
passive diffusion. In this regard, the cell line used in theshown in Figure 6, exposure to CER for 24 hours resulted
current study expresses a distinct OAT, thus providingin a dose-dependent increase in the amount of lipid per-
oxidation in S3 rOAT1 to a greater extent than that in a reliable method for analyzing CER-induced nephro-
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Fig. 2. Immunocytochemical staining illustrating
rOAT1 expression in S3 rOAT1 and S3 pcDNA3.1
stained with antibody against rOAT1. (a) S3
rOAT1 (3450), (b) S3 pcDNA 3.1 (3450), (c)
high magnification of longitudinal section of S3
rOAT1 (31000), (d) immunoelectron micrograph
of S3 rOAT1 (36000).
toxicity. Using this cell line, we found evidence sug- S3 rOAT1 exhibited a time-dependent increase in CER
uptake activity. In addition, CER was effluxed from S3gesting that OAT1 mediates CER uptake, and observed
CER-induced lipid peroxidation and cytotoxicity in S3 rOAT1 and the presence of extracellular unlabeled CER
enhanced the efflux of CER from S3 rOAT1 (trans-rOAT1. The CER concentrations used for the current
study were similar to the plasma concentrations of CER stimulation). These results indicate that rOAT1 could
act as an exchanger and CER could be transported bidi-in rats injected with CER [25, 26].
Rat OAT1, isolated in our laboratory in 1997 [9], was rectionally via rOAT1. rOAT1 has already been shown
to act as a heteroexchanger (dicarboxylate/PAH ex-found to be predominantly expressed in the basolateral
membrane of the S2 segment of the proximal tubule, change) [27] and homoexchanger PAH/PAH; (unpub-
lished observation).whereas faint expression was also observed in the brain.
Since OAT1 mediates the transport of various endoge- Although OAT1 was shown to mediate CER uptake
and CER-induced nephrotoxity in S3 rOAT1, we do notnous and exogenous organic anions including PAH, it is
considered to be the classical organic anion transporter rule out the possibility that OATs other than OAT1 may
be involved in the uptake of CER and CER-inducedresponsible for the basolateral uptake of organic anions
in renal epithelial cells. nephrotoxicity observed in the S2 segment of the proxi-
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the proximal tubule [28, 29]. Since the current study
focused on the contribution of basolateral OAT to CER
uptake and CER-induced nephrotoxicity, the determina-
tion of whether OAT-P1 and OAT-K1 mediate CER
transport and CER-induced nephrotoxicity by establish-
ing and using cell lines expressing these OATs is beyond
the scope of the study. Moreover, there are several lines
of evidence indicating that the cellular uptake of CER
resulting from secretory transport plays a primary patho-
genic role in CER-induced nephrotoxicity [30]. In addi-
tion, we have also confirmed that CER exhibited no
inhibitory effect on organic cation transport in an S3 cell
line stably expressing rat organic cation transporter 1
[31], which is now thought to be a major basolateral
organic cation transporter (data not shown).
Since probenecid treatment has been shown to result
in a decrease in intracellular accumulation of CER and
an attenuation of its nephrotoxicity both in vivo and
in vitro [32, 33], renal accumulation of CER has been
identified as a critical factor for inducing CER-induced
nephrotoxicity. In the current study, probenecid also
suppressed accumulation and cytotoxicity of CER in
CER-treated S3 rOAT1, confirming the importance of
accumulation of CER in CER-induced nephrotoxicity.
Probenecid significantly, but not completely, inhibited
CER uptake after 45 minutes incubation (data not
shown). Thus, this incomplete inhibition of CER uptake
by probenecid may lead to cellular accumulation of CER
and partial inhibition of cytotoxicity (Fig. 5).
Probenecid significantly inhibited an increase in lipid
peroxidation in S3 rOAT1, suggesting that the CER ac-
cumulated within the cells may induce an increase in
lipid peroxidation. In addition, since probucol blocked
cytotoxicity and the increase in lipid peroxidation in S3
rOAT1 treated with 1 mm CER, the CER-induced in-
crease in lipid peroxidation may play a role in CER-
induced cytotoxicity observed in S3 rOAT1. These re-
sults are consistent with previous reports that lipid perox-
idation is involved in CER-induced nephrotoxicity both
Fig. 3. Cephaloridine (CER) uptake and efflux. (A) Uptake studies in in vivo and in vitro [5, 20, 22, 25, 34, 35].
S3 rOAT1 (h) and S3 pcDNA 3.1 (j). (B) CER efflux from S3 rOAT1
The significant correlation observed between the ef-preincubated with [14C]-CER. After 30 minutes incubation at 378C with
50 mM [14C]-CER, the monolayers were incubated at 378C in the absence fects of various cephalosporin antibiotics on PAH uptake
(h) or presence (j) of 1 mm CER. The amount of [14C]-CER within and cell viability suggests that renal accumulation of
the supernatant was determined. Each bar represents the mean 6 se
these drugs via OAT1 plays an important role not onlyfor four experiments. *P , 0.05 vs. control and **P , 0.01 vs. control.
in CER-induced nephrotoxicity, but also in the nephro-
toxicity induced by other, less nephrotoxic cephalosporin
antibiotics. However, in the current study, the rank order
mal tubule. In addition, CER-induced proximal tubular of the effects of these drugs on the viability of S3 rOAT1
damage has been shown to be not only restricted to S2, was different from that reported previously in vivo [23,
but also involves S3 of the proximal tubule [1], whereas 36], and CER was not the most cytotoxic of the drugs
the OATs responsible for CER uptake and CER-in- investigated. In vivo, renal accumulation of cephalospo-
duced damage in the S3 segment of the proximal tubule rin antibiotics is determined by basolateral uptake of
remain unknown. In this regard, the other OATs identi- these drugs by an organic anion transporter in addition
fied thus far, such as OAT-P1 and OAT-K1, have been to apical efflux of these drugs by an organic cation trans-
porter [4, 37]. Furthermore, unlike other less toxic cepha-shown to be localized at the brush border membrane of
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Fig. 4. Effect of cephaloridine (CER) on the
viability of S3 rOAT1 (j) and S3 pcDNA3.1
(h). The cells were exposed to 0.5 mm (A) or
1.0 mm (B) CER for 6,72 hours. Each bar
represents the mean 6 se for four experi-
ments. *P , 0.05 and **P , 0.01 vs. S3 pcDNA
3.1.
Fig. 5. Effect of probenecid and probucol on the viability of S3 rOAT1
exposed to 1 mM cephaloridine (CER) for 48 hours. Each bar represents Fig. 6. Effect of cephaloridine (CER) on the amount of lipid peroxida-
the mean 6 se for four experiments. *P , 0.01 vs. control and **P , tion in S3 rOAT1 and S3 pcDNA3.1 in the absence or presence of
0.05 vs. CER. probenecid or probucol. The cells were exposed to various concentra-
tions of CER for 24 hours in the absence or presence of probenecid or
probucol. Each bar represents the mean 6 se for five experiments.
*P , 0.05 vs. control, **P , 0.01 vs. control and ***P , 0.05 vs. CER.
losporin antibiotics, CER has been shown not to move
readily across the luminal membrane, which results in
the accumulation of high concentrations of CER in and clinical use, and the investigation of interactions between
selective damage to proximal tubular cells [3, 4]. Thus, cephalosporin antibiotics and other drugs.
we suggest that the discrepancy between the results of In conclusion, the current results suggest that OAT1
the current study and those reported previously in vivo is, at least in part, responsible for the cellular uptake of
[23, 36] may be due to the absence of an intact apical CER in the basolateral membrane and CER-induced
efflux system for these drugs in S3 rOAT1. nephrotoxicity.
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